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Résumé :  
Le présent travail, concerne une étude numérique sur la convection mixte autour d’un cylindre 
horizontal chauffé et muni d’ailettes et placé dans une cavité cylindrique. En outre, la longueur du 
cylindre est supposée infinie. Par ailleurs, le transfert de chaleur par rayonnement de la surface chaude 
est supposée négligeable, effets de flottabilité sont également considérés, avec l’approximation de 
Boussinesq. La circulation forcée est induite par le cylindre intérieur en rotation  avec une vitesse 
angulaire(ω), avec son axe au centre de l'espace annulaire. Les enquêtes sont faites pour diverses 
combinaisons de nombres adimensionnelles; nombre de Reynolds (Re), nombre de Grashof (Gr). Un 
schéma de volumes finis est utilisé pour résoudre les équations régissant notre système, qui sont la 
continuité, bidimensionnel  et de l'énergie, par l'algorithme SIMPLE. les résultats trouvé indique que 
L’échange  thermique sur le cylindre extérieur et intérieur caractérisé par le nombre de Nusselt diminue 
on augmentant le nombre de Reynolds, et pour de faible nombre de Reynolds La plume thermique se 
déplace dans la direction du mouvement, et des zones de tourbillon naissent au voisinage des ailettes.  
Abstract:  
The present work relates a numerical study of mixed convection around a horizontal cylinder heated 
and equipped with fins and placed in a cylindrical cavity. In addition, the length of the cylinder is 
assumed to be infinite. Moreover, the heat transfer by radiation from the hot surface is assumed to be 
negligible, buoyancy effects are also considered, with the Boussinesq approximation. The forced 
circulation is induced by the inner cylinder in rotation with an angular velocity (ω), with its axis at the 
center of the annular space. Searches are made for various combinations of dimensionless numbers; 
Number of Reynolds (Re), number of Grashof (Gr). A finite volume scheme is used to solve the equations 
governing our system, which are continuity, bidimensional and energy, by the SIMPLE algorithm. The 
results found indicates that the heat exchange on the outer and inner cylinder characterized by the 
number of Nusselt decreases by increasing the Reynolds number and for low Reynolds number The 
thermal pen moves in the direction of motion and zones Of whirlwind arise in the vicinity of the fins. 
 
Mots clefs : Convection mixte, Rotation du cylindre intérieur, Transfert de 
chaleur. 
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1 Introduction 
Convection from a heated cylinder is an important problem in heat transfer. It is used to simulate a wide 
range of engineering applications as well as provide a better insight into more complex systems of heat 
transfer. Convection about a horizontal cylinder is a relatively old topic and has been investigated 
extensively by analytical, numerical and experimental techniques [1-3]. Natural convection in 
concentric annuli without fins has been the subject of interest for many researchers due to its various 
applications in engineering devices and showed limited heat transfer in the annulus [4-7]. Up to date, 
most of the work dealt with the direct natural convection problem, many engineering applications 
involve rotating machinery components. Heat transfer in a horizontal rotating annulus with thermal 
driven flows, was early studied numerically by Lee [8-9], Fusegi [10], Sung et al. [11], Yoo [12] and 
recently by Tzeng [13], Al-Amiri [14], Teamah [15], Cheng [16] and    Hsu [17]. All Results show that 
high rotational Reynolds numbers tend to diffuse the thermal convection currents. Also, the increase in 
the absolute value of the buoyancy ratio number enhances the estimated Nusselt number and the 
Sherwood number as well. All the aforementioned studies have shown that the heat transfer between 
horizontal annuli is limited by the area of the inner cylinder. As a result, fins are sometimes employed 
to increase the heat transfer area, leading to an increase in the heat transfer between the cylinders. 
Thorough literature survey revealed that comparatively little work has been reported on natural and 
forced convection in annuli with fins attached on the inner cylinder, [18-27]. The results illustrated that 
the presence of internal fins themselves contribute very little to the total heat transfer but their presence 
greatly alter the flow patterns and the fluid temperature adjacent to the cylinder surface and consequently 
the heat transfer from the uncovered area of the cylinder when buoyancy effects are not negligible. 
Furthermore it was showed that there were an optimum number of fins to obtain the maximum Nusselt 
number. Using more fins than the optimum number resulted in a reduction in Nusselt number. This 
number was fin height and Reynolds number dependent. Relatively little work on mixed convection in 
annuli with a rotating fined cylinder has been reported. For example Sparrow et al [28] performed 
experiments to determine the heat transfer coefficients for arrays of shaft-attached, rotating annular fins. 
They conclude that the fin heat transfer coefficient decreased with decreasing inter fin spacing and 
substantially exceeded those for an unfinned rotating shaft, thereby providing an incentive for finning. 
Watel et al [29-30] conducted a series of experimental studies on rotating finned tube, subjected or not 
to an air flow parallel to the fins surface in aims to analyze the influence of the fin spacing and the 
rotational speed on the convective heat transfer.  Experimental data obtained shows that rotational forced 
convection has a great influence on the convective exchanges for each spacing above a rotational speed. 
Moreover, with the increase in the Reynolds number, the flow becomes unsteady and 3D, which is 
favorable to the convective heat transfer. Recently Tzer-Ming Jeng et all [31] investigates the heat 
transfer characteristics of Taylor–Couette–Poiseuille flow in an annular channel by mounting 
longitudinal ribs on a rotating inner cylinder. Their result indicates that the distributions of the Nusselt 
number for a stationary inner cylinder are generally smooth along the axis and the Nusselt number for 
the rotating inner cylinder is almost minimal at the inlet of the annular channel and then sharply rises in 
the axial direction.  
The main objective of this study is to further investigate, numerically, the effect of internal rotating 
finned cylinder on the flow patterns, the temperature distribution and the heat transfer in annuli. As such, 
the focus of this paper is to examine the effects of pertinent parameters such as rotational Reynolds and 
Grashof numbers on the mixed convection characteristics in annuli enclosure. To the best knowledge of 
the authors, no study which considers this problem has yet been reported in the literature. However, 
unlike most of the numerical studies reported in the open literature on convection heat transfer between 
concentric cylinders, the present computational methodology is based on finite volume method adopted 
used in CFD “Fluent” code. 
 
2 Mathematical formulation   
 
The basic equations governing the laminar two dimensional incompressible flow and heat transfer under 
the Oberbeck-Boussinesq approximation in the annular geometry are the laws of conservation of mass, 
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momentum and energy. The dimensionless form of the governing equations by taking the characteristic 
length, velocity, pressure and temperature as e=(ro-ri), (ri),  o (ri)2  and (Ti−To) are: 
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In the above equations, , T and  represent the density, dimensional temperature and thermal 
diffusivity, respectively. The bold quantities represent the dimensionless variables. X i are cylindrical 
coordinates, Vi are   the   corresponding velocity components, t is the time, p is the pressure. The above  
non-dimensionalization  results in three  dimensionless  parameters:         Pr = ν/α ;         Re = ωri e/ν         
and   Gr = g  (Ti-To) e3 /2 where , g and  are the kinematic viscosity, gravitational acceleration and 
volume expansion coefficient, respectively. In the simulations to be reported here the Prandtl number 
has been taken to be 0.7 corresponding to that of air. The rotational Reynolds and Grashof numbers vary 
in the range of 0.1–1500 and10–106 respectively.  
 
                          
Fig.1 : physical domain. 
 
The boundary conditions are indicated in Fig. 1. On the outer cylinder a non-slip condition is considered 
with a constant temperature To at the cylinder. The inner finned cylinder is rotating, and therefore, an 
angular velocity is imposed as a boundary condition on the cylinder surface, with a constant temperature 
Ti on the cylinder surface. The fins rotating pattern are subject to an angular velocity while gradient 
conditions are assumed for temperature on tip and lateral surfaces.    
 
3     Résultat et interprétation  
3.1  Establishment of the periodic regime 
 
For a time step (dt), and a rotation speed (ω), the mesh turns with an angle (θ = ωdt), the solution is 
iterated until convergence. The process is repeated for the next time steps until the desired maximum 
time limit is reached. For each iteration of time, therefore for each position of the fins, the Nusselt on 
the set, fin and cylinder is calculated. During the process, we observe a periodic phenomenon established 
from a certain time, as shown in the fig.2 and table.1 representing the variation of the mean Nusselt 
number as a function of time 
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Gr 10 102 103 104 105 
t  (s) 21 21 19 17 11 
 
Re 0.1 30 150 450 750 
t  (s) 9 7 6 5 5 
 
Table.1: Period of establishment of the periodic scheme established: a) different Gr and for Re = 30,  
b) Different Re and Gr=4.728.105 
 
  
Fig.2: Evolution of the mean Nusselt on the inner cylinder as a function of time 
a) different Re and Gr=4.728.105, b) different Gr and Re = 30 
 
3.2  Analysis of stream function and isothermal lines 
 
    
θ=90° θ=0° 
    
θ=30° θ=-30° 
(a) 
(b) 
(a) (b) 
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θ=60° θ=-60° 
 
 
Fig.3 : Stream function and isothermal line for different positions of the fins 
For Gr = 4.7280.105 and Re = 0 
 
    
θ=0° θ=90° 
    
θ=30° θ=-30° 
    
θ=60° θ=-60° 
 
 
Fig.4 : Stream function and isothermal line for different positions of the fins 
For Gr = 4.7280.105 and Re = 30 
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Re=30 Re=750 
    
Re=150 Re=1500 
 
Fig.5 : Influence of Reynolds number on isothermal lines 
And stream function for θ=90 °, Gr = 4.7280 105 
 
As a first investigation, fig.3 and fig.4 represent the lines Isothermal and the stream function for the case 
of two fins at different times, corresponding to successive positions of the fins with respect to the vertical 
of θ = 0°, 30°,-30°, 60°, -60 And 90°. Fig.3 illustrates the case where Re = 0, which means without 
rotation of the inner cylinder or natural convection governs only the flow and the transfers in the fluid. 
For cases where Re ≠ 0, transfers are governed by mixed convection or movement is due to both the 
temperature difference between the two cylinders and the rotation of the inner cylinder, Fig.4. Thus for 
a Reynolds number (Re = 30), the thermal pen oscillates in the upper part of the inner cylinder when it 
rotates. When the fins are horizontal, the thermal pen is just above the inner cylinder with a symmetry 
with respect to the vertical axis (Re = 0), whereas for Re> 0, the latter is displaced by almost 30° relative 
to Is vertical in the direction of movement. 
For the stream functions, two recirculation zones appear in the upper part of the annular space in the 
case of two fins without movement, these zones are symmetrical with respect to the vertical if there is a 
geometrical symmetry and follow the orientation of the fins in the other cases. 
For Reynolds numbers Re> 0, the form of the stream functions remains almost the same (Re = 30) to 
the differance that in this case the lines in the recirculation zone are much more concentric. When the 
fins exert a resistance on the flow (when these are horizontal or have an open angle with respect to the 
vertical). The stream functions are driven by the movement of the cylinder and the recirculation zones 
(vortices) appear in the part Greater than the vicinity of the inner cylinder. 
By increasing the speed of rotation, the effect of the centrifugal force on the fluid particles is increased, 
the flow then resembles that of the couette and the lines of stream tend more and more to be concentric 
circles and the vortex zones Appear in the vicinity of the inner cylinder, fig.5 .The thermal pen forming 
in the upper part of the annular space disappears with the increase in the speed of rotation of the inner 
cylinder. The isothermal lines are concentric in the vicinity of the two inner and outer cylinders 
signifying the dominance of the conduction transfer regime and the reduction of the thermal transfer on 
the walls following the thickening of the thermal boundary layer. 
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3.3   Effect of cylinder rotation on temperature profiles: 
 
            
            
             
Fig.6: Adimensional temperature along the radial directions (ϕ)  
for different Re and Gr 
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The figures in fig.6 show the distribution of the dimensionless temperature along the radial directions, 
for Gr =4.7280.105 and for Reynolds numbers (Re=0, 30,150,750 and 1500), it is found that each time 
the number of Reynolds is increased, the temperature increases in the annular space for all the positions.  
The gradient of temperature between the inner and outer cylinder almost does not vary when the 
Reynolds number is increased from 0 to 30 but for Re = 150 the temperature gradient on the inner 
cylinder decreases for θ = -60° and increases substantially on the outer cylinder following the increase 
of the temperature in the annular space for Re = 750 and e=1500. The temperature pattern almost 
remains unchanged and tends to be linear, which is characteristic of a conductive regime and the 
decrease of the temperature gradient on the inner cylinder with respect to the different Reynolds (Re = 
0.1, 30 and 150). 
 
 
 
 
 
 
            
                  
(b) (a) 
(c) (d) 
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Fig.7: Local Nusselt along the outer cylinder for different numbers of Reynolds 
 
In fig.7, (a, b, c, d, e) Show the evolution of the local Nusselt number along the outer cylinder for 
different instants corresponding to various positions of the fins (θ) and different flow regimes (Re = 0, 
30, 150, 750 and 1500). For Re = 0 and 30, the local Nusselt is almost zero on the bottom side of the 
annular space and reaches a maximum on the high side for an angle dependent on the orientation of the 
fin fig.7 (a and b). In fig.7 (c, d, e) and (Re=150, 750 and 1502), it is noted that local Nusselt is 
independent of the successive positions taken by the fins. For large numbers of Reynolds (Re=1500), 
the heat exchange on the part (θ=0, θ=180) is not zero, which is due mainly to the velocity of the fluid 
in this part (non-zero) and to the transmission of the momentum by viscous effect. These curves are 
superimposed, meaning that the heat exchange does not vary during the rotation of the inner cylinder, 
which is due to the fact that the centrifugal force is much greater than the Archimedes force 
  
 
 
4      Conclusion 
In this case, the internal cylinder is heated and equipped with two fins rotates with an angular velocity 
(ω), in this problem the mobile meshing method is adopted. The comment of the results is based on the 
forms of the isotherms, stream function and the number of Nusselt for different positions and different 
regimes. Thus, it has been observed that the flux in the annular space is completely different from that 
of pure natural convection. The thermal pen moves in the direction of motion, and vortex zones arise in 
the vicinity of the fins for weak Reynolds. For large Reynolds, the flow is that observed in the case of a 
flow of poiseuille with stream function and isotherms in the form of concentric circles. The heat 
exchange on the outer and inner cylinder characterized by the Nusselt number which decreases 
whenever the Reynolds number is increased. 
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